O^^IE POLSyERISATION AND GOPOLHy^fe 



Express Mail EM550285009US 



CATALYTIC SYSTEMS FOOTHE POLIMERISATION AND OOPOLlMagSATION OF ALPHAHDLEFINS 

Incorporated herein by this reference is Spanish Appln. No.P9602310 f filed 
on October 31, 1996. This U.S. application claims priority under 35 U.S.C. 119 
to Spanish Appln. NO.P9602310; filed on October 31," 1996. 



The present invention relates to new nictalluecnu catalysis which can be easily hclcrogenizcd oa 
5 an inorganic support. 

STATIC OF TI11C ART 

Organocomplcxcs of elements belonging to gu»up IV, in combination with alkylaluminoxancs 
and/or boron compounds* lend to the formation of polymerization catalysts, whose activities are 
sometimes belter than those obtained with the typical Zicglcr Natla catalysts (Makroni. Chcm. 179, 
10 2553 (1978) and 169, 16* (1973), OJ« 1022382, US 3 1 844 1 6,. US 3440237, 277004 and liP 
426637). 

It is very well known that homogeneous catalytic systems present a disadvantage: when they are 
Q used in suspension polymerization processes, a pari of the produced polymer adheres to the reactor 
^ walls; this effect is technically called "reactor fouling". Besides, in most cases, the particle size of 
ik the obtained polymer is vciy small and the appaicul density is low, tbus the industrial production 
^ is reduced. In oidcr to prevent the reactor from fouling and to control |he size and the morphology 
H of the polymer particles which arc formed, the homogeneous system can be supported on an q 
s inorganic oxide. 

it 1" the last years three different prcparatoiy stiatcgics have been used in order to reach this aim: jjj 

20 coeatalyst hcleroKcnization, mulallocenc heterogeni/ation or hctcrogcOization of both components 
^ on a fit support. 

d Several patents describe heterogeneous catalyst synthesis through processes initially based on the 

coculalysis fixation onto the support. 

US 4939217 and US 5064797 patents describe a hetcrogeniy lotion process based on the 
25 preparation "in situ" of aluminoxanc on the support. 1 he method consists in bubbling an inert 
humidified gas directly inside a solution of an aluminium alkyl in the presence of the support. When 
an organocomplcx solution is added to this hclcrogcnized coeatalyst, the catalyst is hetcrogonized. 

Patents KJ' 323716, FP 361866, HP 336593, VV 367503, IIP 368644 and US 5057475 describe u 
different pioccss from the previous one. In this case the coeatalyst is hclcrogcnizcd through direct 
30 reaction of the aluminium alkyl with the superficial hydratation water molecules of the support. In 
a similar way to the one described in the previous patents, the organocomplcx fixation is then 
obtained through close contact of an crgauocomplux solution with a suspension of the modified 
support. 
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la both cases il may happen thai pari of the aluminium cocatalyst is not homogeneously 
distributed on the support surface. Besides, it is rather dif'Iicull that, going from one preparation to 
another, you succeed in exactly icpioducing the helcrogcnizcd aluminoxanc structure and molecular 
weight. Another serious disadvantage is the migration of the active species into the homogeneous 
5 phase during the polymerisation reaction. 

HP 293815 describes the luciaJloccnc fixation according to the reactivity of the alcoxysilauc 
functional group (Mo 2 (BlO)Si ) with superficial hydroxy groups of the inorganic oxide. The 
activity in polymerization is not very high, piubably because a high percentage of the 
organocomplex is deactivated. An additional disadvantage are the low yields obtained in the 
10 preparation of this type of fuiicUonalr/,ed organomctallic compounds. 

'J lie object of the present invention is to avoid these disadvantages through a process for 
synthesizing supported catalysis for (co)polymcrizalion of ethylene, in id alpha-oleims with 3 or 
£3 moie carbon atoms, such as piopcne, 1-butcnc, 1-penlenc, l-hcxcnc 4-mcthyM-penlene and 1- 
octenc. Differently from other more conventional methods, this heterogenic ion process is based on 
Ffs the reactivity of OSiK", functioned groups of the organo- complexes with the superficial reactive 
y3 groups of the catalytic support. Predictably, the fixation of this type of melallocencs, functionalizcd 
S with groups OSiR% is < luc * as 11 is Ascribed * n r »K u, ' c 1V > to lllc rCHCtion bctwcon lhc fc lou P s 
s OSiU" 3 of the organomctallic complexes and the uacti ve groups of the support. 

it Another object of the present invention is the use of the organomctallic complexes of formula i 

^io and 11 as homogeneous catalysts for olefins homopolymeii/alion and copoJymerization, 
S Thanks to the methods described in the present invention, heterogeneous catalysts can be 

^ obtained; they allow to effectively control the morphology and the distribution of particle sizes, 
with a regular growth of lhc polymer around the catalyst particles. 
DKJ All j;i> INSCRIPTION Ol J JIK INVENTION. 
25 The present invention i elates to homogeneous ami hetctogeneous .* ataJytie systems containing 

metalloccne complexes ol transition metals with al leas! one group R-OSiR", potentially reactive to 
support. 

Accouling to the present invention the catalytic system at least includes one metalloccne 
complex of general formula I or U. 
30 1 (M R).)»MX V 
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wherein: . ofl 

R. „,„„, ,0 o, different fro,., cc* o,i,c, * W< « » -die. — «■ * 

cwbon ».«..., w — s ^ M - 10 of ";; t°7 

, he ^ «* — . « - « »""» " osiR ' V " rcfcraWy " t 
CVC„ . CVO„cyc.oa,kyl, o,c„aryl. C^alKcyl, C,-c„ c„y. o,- 

a,kyiaryi. >i„ca, o, ^ <, . siR', ^ * <V<-,,, .u* , CVCoydo-M. *U 
ary.. cvC-Rc^ CVC^y.. C-<,a,yUr,kc„y, „, alkylaryl, linear or » 

wherein K" is sclcc-d fro,.. Uu- group comprising. C,-C„, alky. , CVC.cyclo.lkyl. C,-C,„a.y>. <V 
C.lkcyl, C,-(.:„.ty1»1kyl. C,C,„ary.»lko.,yl or „.M»ryl, lm« °' »'"><*«' 
Nun limitative examples of K containing 'he group OSiR", arc: 

-CH.-CU.-OSiMc,; .OI^UVO^ -eiVO-CIVOSiMc,; -O.C» ) -al ; -0 S .Mc > : 
-SiMc-Cr.U-C.VOSiMc,; .CH.C.I.-CM.'OSiM,,; -C.KC I lU-CH 1 .OSi<C > r Is ),Mc; -C S H,-CH,- 

OSi(C,.l,), ; ^cji,avos^>, •aa.o,*i.rCjva. 1 -oi.,-osKC > H„) J ; -C,H S -UI,- 
avosi(CH,l•lo.;<<a^)HXCH^<>si(>•hMc) ); .a«cH,H•Jl(a^^sKC I HO(M*. 

Preferably <l.o group R «»! contains OSiR", is scJ.-c.cd from the group comptismg: -Cll.-UI,- 
OS.Mc,, -CM,.C:H,-< y .,-OSiMc„ -C : . 1 ,0-t:.l I -0 Si Mc„ -O-ClvaVOSiMe,, -SiM<vOH,-UV 



OSiMc,. . 

Q is select fro,,, a group comprising; boron or an Cement fro,,, groups 14 or 16 of .he pcnod.c 
table; when .„ > 1 , U» groups Q arc «,ua> .o or diflcrcn. fron, cad, other; ,l,e. free valences of every 
Q arc filled wMh groups R acoord.ng ,o ,.,c value of « index; ,w„ groups R are op,io„aUy un,ted » 
form a ring fro,,, 5 to 8 atoms. .„ value can v„„ .«,„, 1 to 4 ami i, preferably i. I or 2. 

I c,u». ,0 or dill** .,o„, cel. o„.er, is a cyclic. org.u.o group nni.ed ,o M ...rough a « bond; 
U con.ai„s n cye,ope„,ad,cnyl ring, ,..„, op.ionally ,s fused will, one or more o.her rings .o form for 
example; .cahydroindenyl, indenyl, l.uorenyl o, „c,a.,„.,ouuore„yl group; or i, is an - Uom 
groups 15 or .6 of ,l,c period.c ,»l,le; w.,en i. is an a.om from groups 15 or 16 of .he periodic .able 
(bc.,croa, 0 m) , « preferably is an oxygen or ni.rogon atom, d.rcc.ly bondc. .o .be ...CM. 
L, and L„ equal ,o or .lilfcre.nl fron, eacl, other, have the same n.eamng of U 
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M is n metal from groups 3, 'I. 10 of the periodic table, laiithnniclc or acliuidc; preferably il is Ti, Zr 
or I If; 

X , equal to or different fioin each other, is selected fiom a group comprising: halogen, 
hydrogen, OR"', N(R'")„ C r C ?tl alkyl or (:,,•<:,„ aryl; wherein R" is selected from the group 
comprising: C r C- J0 alkyl , C,-C w cydoalkyl, C c C 1( , wy\, C, C }n alkenyl, C,-C 7( , arylalkyl, C r C w 
arylalkenyl or alkylaryl, linear or 'branched; 

x is 1 or 2, y is 2 or 3 in such a way that x + y : 4 

d ranges from 0 to 2; 

a, I) and c arc integers from 0 to 10, in such a way thai a + l> + c> 1, the maximum value for a 
and b depends on the available positions in 1 , 1.., oi 1.,; for example, for the cyclopentadicnc, in 
general formula 1, 5 is the maximum value for », on the conUary in the general formula 11, for 
cyclopentadicnc, 4 is the maximum value for n or l»; for nitrogen in the general formula 11, a or l» is 
1 , for oxygen il is 0; the value ol c index depends on the free valences of group Q, for example, if Q 
is equal to a silicon atom or carbon alom the value of c is 2; if Q is a boron atom the value of c is 1 . 

Kxamples of |l<) r Q| n , when in is equal to 1 and c is equal to 2 arc: K 7 Si, K,C. 

Examples of l(R) e Q] m whcn m is e< ^ l,fU 10 2 8no ' is cqual '° 2 a ' C R > si_< ' R » R >£' CR >« K 2 S, ~ 
SiR,. 

Kxamples of l(R) r Q] m when in is equal to 3 and r is equal to 2 or 1 arc: RjSi-O-SiR,. R,Si-0- 
CK 2 , RH-O-liR. 

The metalloecne complexes belonging to the general formula 1, where x = 2, and those belonging 
to formula 11 where d - 2 can be prepared through reaction ol a metal compound of general formula 
MX.(ll),. wherein L is a linea. or cyclic ether, q is a number between 0 and 4 and n is 3 or 4 with 
another impound of general foimula |(UR) a )]M ' or [<R)„1 -,• ((RX-QX^ ^RyM'.whc.cin M' is an 
alkali metal, preferably Li, Na or K. The preferred compound of the transition metal is tetrachloride 
and sometimes, when the metal is titanium, it is trichloride or its aduct with a cyclic ether such as 
(ctrabydrofuranc. 

The reaction between the mctnl compound and the alkali metal derivative is preferably carried 
out in a dry nitrogen atmosphere, by using anhydrous solvents such as linear or cyclic ethers such as 
dietylethcr, tetrabycholuranc oi dioxanc, or aromatic hydrocarbon such ps toluene. 

The alkali metal compound of formula |(L(K).)]lv1' can be prepared from the compound of 
formula L(R).VI through reaction with a lithium alkyl, with a sodium or potassium hydride or 
directly with the metal. 
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On its turn, the ligand L(K),I I, when L is 01 contains a cyclopentadienyl ring, can preferably be 
obtained from cycloponadicnc or indent- through reaction of its sodium salts in the first ease and 
potassium salt in the second case, with a compound R-S, where R has previously been defined and 
S is a proper leaving group such as halide or a Iky I or aryl sulphonate. The reaction will be repeated 
as many time as necessary, according to the following scheme for n equal to 3 

LIVPH RS-> LR+M\S 

LRtvT -i RS • > LR,+M\S 

LK 2 M' 1 RS > LR,+M\S 

The alkali metal compound |(R)J , r [0<) c <H m -l;(}<) b }M\ can be obtained through reaction of two 
equivalents of a metallizing agent such as lithium alkyl, e.g. Mel -i or II u Li, or alternatively sodium 
or potassium hydride, with a compound of formula ((K) B MLrK^)cQL- L 7.M( R )b)- When a group L 
is an oxygen or nitrogen atom, the piefcricd metallizing agent is lithium alkyl. The compound of 
formula [(R).IU v((K) c Q) m -l ^KR)J can l>e obtained through reaction of the alkali metal compound 
ILjIKRXJlvr or I'L^KR^IM' or mixtures thctcoi with a compound of formula S-[(R) c QJ nr S, where 
S is a proper leaving group, such as halogen (CI, Hr, 1), or aryJ or alkyl sulphonate. 

The preferre<l mclalloccnc complexes of (61 inula J conespond to compounds wherein: 

- Jvl is /.ireonium 

- R is C r C A alkyl, wherein at least one hydiogen of one R is substituted with OSiR'V wherein R" 
is selected from the group composing: methyl, ethyl, propyl 

- L is a cyclopentadienyl oj iudenyl group 

- X — 2 and y 7 

The preferred complexes of gcncial formula II, wherein L, arid L ; are cyclic organic compounds, 
correspond to compounds wherein: 

- M is /-ireonium 

- L, and L 2 are cyelopentadienyl or indenyl groups 

- R is hydrogen, a C r C, alkyl wherein at least one hydrogen of one R is substituted with group 
OSiR", or a group SiRYO.SiK' >, wherein R" is selected Horn the group comprising: methyl, ethyl, 
propyl 

- l(RXQ].n is selected fiom the group comprising: 11 ? C-CI1 ?( C'RH-CII 2> KJIOSiR^, R 2 C-SiK% 
orSiRir. 

The preferred complexes of geneial (bi inula II wherein one of L, and L ? is an oxygen or nitrogen 
atom correspond to compounds wherein: 

- The other group L, or L, is a cyelopentadienyl, indenyl or fluorcnyl ring 
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- M is titanium 

- IWrQL is JJ 7 C-C;il 2 . CKH-CJ J 7 , , R1K -SiK V R ? C-SiK', oi SiRK'. 

The compounds of formula i or Jl can ho supported on a proper inorganic support. As supports, 
any type of inojganic oxides can be used, for example inorganic oxides, such as; silica, alumina, 
5 silica alumina, aluminium phosphates and mixtures thereof, obtaining supported catalysts with 
contents in transition metals between 0.0) and 10% by weight, preferably between 1 and 4%. 

A method that can be 111 for preparing supported catalysts according to this invention consists in 
the impregnation, under anhydrous conditions and inert atmosphere, of Ihc solution of any 
mclalloccne of formula J or 11, or a mixture thereof, on the supporting material at a proper 
10 temperature, preferably between -20° C and 90 °C. ihc supported catalyst that contains the 
melallocenc can be obtained through filtration and washing with a proper solvent, preferably an 
aliphatic or aromatic hydrocarbon without polar groups. 
E 1 Another method that can properly be used consists in depositing the metalloccnc on the support 

O by using a solution of the compound that has to be heterogenized, eliminating the solvent through 
1%$ evaporation and then warming the solid residue at a temperature between 25 and 150°C Besides, 
the resulting icsidue, obtained by this process, can be subjected to washing and subsequent 
filtration. 

The process can also be carried out in the presence of a coeatalysl that for example can be mixed 
K with a metalloccnc in a proper solvent and then the resulting solution can be put in contact with the 

l t0 support. 

jLJ, 

lk The amount of the orgauomctallic complex which can be- anchored in these conditions directly 

depends on the concentration oJ the reactive groups present in the support. For this reason silica, for 
example, should preferably have been calcinated al h temperature between 600° C and 800° C. 

An advantageous aspect of this invention is that the fixation method, as a consequence of the 
25 reaction of groups R, which contain the -OSiU", entity with reactive groups of the support surface, 
prevents the desorption of the supported metalloccnc complexes. This type of interaction represents 
the main difference between the organocomplexes hetcrogenization mechanism and other 
conventional methods, wheic the mclaUoccnc complex genially remains physisorbed on the 
support surface. The organocornplex fixation to the inorganic support is based on the reaction of the 
30 reactive groups of the support with the group -OSiK*\> or groups of the metalloccnc, as it is 
described in figure JV. 
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Mctalloccnc complexes of founula J or J I, individually or supported, can be used it. the presence 
of a cocatalysl for olefins polymerization ui copolymcrizalion, cither in solution or suspension 
process. 

When X is a halogen, OR'" .» N<R~), die preferred cocatalysl* are alkylalunnnoxanc, especinlly 
5 mclhylaluminoxanc compounds , wlicn X is hydrogen or alkyl the preferred cocatalysls is a Lewis 
acid such as B(C*F,),. In «ddilion mixtures of both ah.minoxanc and boron derivatives can he used 
as cocnlnlysts. 

The most proper polymerization procedure can change according to the chosen type of 
polymerization process (solution, suspension or gas phase). 
10 For the polymerization in solution, the cocatalysl can be mixed with a solution of a metalloccne 
of formula 1 or 11 and a supplementary quantity of it can be added to the solution; or the catalyst can 
directly be added to the polymerization medium, which contains the cocatalysl. 
« For the polymerization in suspension, the cocatalysl can previously be mixed with the supported 

1 solid catalyst, can be added to the polymerization medium before the supported catalyst, or both 

S operations can he sequentially can ied out- 
S J hc process consists in putting in contact the monomer, or. in certain cases, the monomer and the 

| comonomcr, with « catalytic composition according to the present invention, that includes at least 
T one metalloccne complex ol formula 1 or II, at a proper temperature and pressure. 
t The alpha-olefms that can be used as comonomcrs to obtain ethylene copolymers can be 

So propylene, butene, hexene, oetene or branched ones such as the 4-,netl,yM- P entenc and can be used 
h t in proportions from 0.1 to 70% by weight of the total of the monomers. In the case of 
% homopolymcrizatkm of ethylene the density of polymers range between 0.950 and 0,965 gW in 
the case of copolymcrization of ethylene the density is as low as 0,900 g/cin\ 

To control the molecular weight of the obtained polymers, hydrogen can optionally be used as 
25 chain transfer agent in such proportions that the hydrogen partial p.cssure. with respect to the olefin 

one, is from 0,01 to 50%. 

in the particular case of the polymerization technique known as suspension process or controlled 
particle morphology process, the used temperature will be between 30" and .00 «>C, the same which 
is typically used in gas phase, while for the solution process the usual temperature will be between 
30 120° and 250^:. 

The used pressure chants according to the polymerization technique; it ranges from 
atmospheric pressure to HM» MPa. 
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Tisurc 1 S ,»« cxan.pl.* «. compounds ««o.-M, li ... formula U nKUrc ■»«■'-'«• »' 

expounds aoco.din* ... *nm... «. -1-n-" '"<" ' - »" J '> «— ' ' ^'»»"'«»<"°">" 

* oxyfc, ., .UU^cn ».< - ~ .roup «— » * ^ W 

5 shows ft. hcwe.,, ,..c s.loxanc .roups «.f -ho «« . of 

ott'ftno-mctallic complexes. . . n . 

The ro.l„w,n P examples « describe, in O.O., ... W» U» i—on. 1 h. mate nals 

tlic cl.ci.iicH. co,„p * .ho conditions »M * »~ — *« « «— ~ " >< ' * 

the scope oi'lhe invention. 
10 liXAMl'Ui 1 

to . of 2a* p. (i «7 ■""».) -r I****-'"*" > d " >f " rs " 6 ' 8 C 
a „,„,„.> u r„ 1 ..o,oc yd o„c„„ < Hc,. y ,-„..,c„ y .. s n,„.c „. * — « — — ,0 '; 

I alld it pitik suspension i,nn.cd,a,c,y ,s formed. H i. « M 12 k 

. d.Wi*, a,.,cous solution, ft. o, B „n,c PI...SC is extracted, d.icd wi.„ anbydrous 

1 ' m „.„esiun, sulphate and .... »..lvcn, is Cimina.cd under vacuum; , oil is recovered. I ... 

B „„ is di-i ,M and the desired product is obbuuc*, » . P.W ye„ow „i,. OV. ««• « <>.•« «~ <«• 
f „,n,H B ». pir. t „ 149 „.n,o,. V.C.I: ««%,. 'l.-NMR (OC1.,: 6.65 (,„, 2H), 6.54 (n,.21l>, 3.52 

; (s,lll),0.0U (S.911), -0.7. (S.W.). 

%„ b) jBB^audiaaffiaujB^ 

To a suspension or 0.6 Ml * ™»°» <-f ''>" ,ridC »='™ h >' d ' of »"» K - » St>, "" 0n ° f 

5! ,1 6 of (dhncthylM.rin.cthvlsi.oxy) .silyl-cyclopcntadienc is added a. -78°C and a rtroug .1, 
evolution is observed. ). is maintained «.«lcr stunn* un.il roon, U,n,«aUuc ,s achieved. U left 
reacting for *o», 1 hour un.il all .be potassiun. byd, ide is t*c .e,.al.yd.ofu, W .e so.ubon ,s 

25 co„e,n., a .ed under vae, , and a c.ea, yellow solid is obtained. (,.45 B . 13.8 nnnol. Yield: 92%). 

c> !i e J ^,o^o»«Je J .ri 

To 5 2 R (.4 ■„,,,„.) of an a.ldue. of eyclopentadicyl .i.eoniu.n Inohlorrie w,U, 

.tirnctboxyctbane n, to,.,.,,, . suspension of 3.45 e ( .3.» -) polassiu... 

,„ di „ 1 e,by.. ri n,e,l,y.si.oxy.s„y....yelope„.adienid.. in .ob.ene ,s added a, C '.'be suspe,, S .on ,» 
„,ai,.,atned undo. s,i.„n f .o. 24 ,.o.„s. »„e, se„,.n, a ye.low s.,,u.ion is r,.,.ed. I ,.c yc - 
solution is co„ec,„»,cd up .o 20 ,be,, so„,e bcxane is added and a «y» .h» w s„b 
pr ccipi,„.cs. ,3, K . 7, ,.„„.„. Yield: 5,%). 'H-NMH (CU: <..4S (,,2,„. 6.03 (,5,„, 5.95 (,,2B>, 
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0.39 (5,011), 0.09 (s,9H). "C-NMK (C 6 J> 6 ); 125.4, 123.6, 1 17.3, 1 15.9, 2.0. Mass spectrum. MM5: 
m/e 422.9 (32%). 
12XAMPLF, 2 

a) jVcparaUonof ^iM^<Hnic^hvhti»ricni vlt> iloxv)-silvlVcvclopcJiladic»)yll yj rconiuro dich l o r idQ 
5 To 0.93 g (4 mmol) of zirconium leliHchloiidc a suspension of 2.02 g (8 nimol) of potassium 

dimelhyUriinctbyl.sik>xy-silyl-cYclopenladienidc in hexanc is added at -78" (.:. The formation of a 
yellow suspension is observed. 11 is left under stirring for 12 hours. Then ihe solution is filtered and 
concentrated and a yellowish crystalline solid is obtained. (0.75 g, 1 .3 inmol. Yield: 32%). 'll-NMR 
{C ( p 6 ): 6.58 (t,2.H), 6.13 (1.211), 0.45 (s.CU), 0.14 (s,911). "CNMR (QDJ: 126.2, 124.1, 116.5, 
10 2. 1 3, 2.06. Mass spectrum. M ' 1 5: m/e 569 ( 1 5%) 
1JXAMPLH3 

a) Preparation of 2-broino- 1 -trinicth^Mioj^clbane 
£3 J o 125 g (888 mmol) of 2-bromo-ellumol, 95 ml (1450 mmol) of hexamethyldisilazane arc 

slowly added at 0° C. Ammonia evolution is immediately observed. The reaction is maintained 
fp under stirring for 12 bouts and a colourless oil is obtained. (168.8 g 856 mmol. Vicld:96%) *H- 
3 NMR (CDC1,): 3.66 (1,211), 3.40 (t,2H), 0. 14 (s,9U). 
*1 b) Pre paration of (2-triiiieihyl§i|oxy-pthyl)-c^clo|K:iita<,licffQ. 

150 m l of a 2.3 M sodium cyclopcntadienide solution in letrahydrofiirano (346 mmol) is 
K slowly added to a solution of 68.2 g (346 mmol) 2-«rimell»yUsiloxy-l-bromo-ethane in 
5b tcttahydroiliianc. The immediate iormation of a pinkish solid is observed. The reaction is 
J: maintained under stirring for 12 horns. Then, an ammonium chloride aqueous solution is added. The 
Si organic phase is extracted, dried with magnesium sulphate and the volatile pail is distilled under 
vacuum, obtaining an orange oil. This oil is distilled in order to obtain a colourless oil. (T„.: 63-65° 
C, 0.02 bar (15 mmllg.)). (40.3 g, 221 mmol. Yiold:64%). 'll-NMR (CPCI,): 6.50-6.00 (m,3U), 
25 3.75 (in,211), 2.95 (m,21 1), 2.65 (m,2H), 0. 1 5 (s.9) 1). 
c) Preparation of lithiuml2-trhn^ 

Jo 7.33 g of (2 trimelhylsiloxy-cthyl) eyclopentadiene in ether, 16 ml of a 2.5 M 
bulyllilhiuni solution in hexanc (40 mmol) is added. The addition is realised at -78° C. The 
immediate Iormation of a white solid and butane evolution are observed. It is maintained reacting 
30 for 3 hours. Then it is dried; the resulting solid washed with hexane, leaving a powdery white solid. 
(6.19 g, 33 mmol, Yield: 87%). 
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d) Preparati on of bjsl(2- trinictlivJsiluxv-cthvn-cvclopc nladicnv l I /.ircqnium dicfrlorj^e 

To 1.37 g (5.9 mmol) oi zirconium tetrachloride, a suspension of 2.2 g (11.7 mmol) of 
lithium (2 -trimelhylsiloxy-ethy})-cyc]upentadieuylide is added at -78° C. An orange suspension is 
immediately formed. 'J he reaction is maintained under stirring for J 2 hours. Finally, Mm solution is 
5 tillered, coneentiated to dryness, and a yellow oily solid is recovered, which is mixed with hcxanc 
and a yellow solid is obtained. (1.05 g, 2 mniol. Yield: 34%). 'H-NMR (C A D 6 ): 6.02 (1,211), 5.72 
(t,211), 3.62 (t>2U), 2.89 (1,211), 0.O5 (s,9H). "C-NMR .(C A D 6 ): 1 J 7.7, 1 12.0, 1 1 1.2, 62.6, 34.0, -0.45. 
Mass spectrum. M'-15: (309). 1.24%. 
ISXAMPIJi4 

10 a) Prep a ration oi pulassiui n _(_2 t r i n L^iL^Mi P.xy £J.I lY.l) c yclop cntadic nidc 

To a suspension of 0.5 g (12.4 mmol) of potassium hydride in tctrahydrofuranc, 2.25 g (12.4 
mmol) of (2-ti if nethylsiloxy- ethyl) cyclopentadienc in lelrahydrofuiane is added. The reaction is 
C3 maintained undci stirring Cor 2 hours and (hen the volatile compounds arc eliminated, leaving an 
ti3 oily solid which is washed with hexanc in older to obtain a brown solid. (2.2 g Yield: 81%) 

Vf$ b) Preparation _oX__e^e!oiimta^^ ^imomurn 

y3 dichlorjdc 

W To a snS p Cns i on t >f 3.52 g (10 juniol) of an adduct of cyclopcnladienyl zirconium trichloride 

= with dimetboxyelhanc in toluene, a suspension oi 2.2 g (10 mmol) of potassium (2-trimcthylsiloxy- 

clhyO-eyclopcntadienidc in toluene is added. The addition is carried out at -78° C. An orange-brown 
1^0 suspension is immediately formed; it is maintained under stirring for 12 hours; then it is left settling 
^- and it is filtered. The obtained orange solution is concentrated up Lo 5 ml and hexanc is added, so 
H that a brown solid is obtained. (1.1 g, 2.7 mmol. Yield: 27%). 'H-NMR: 6.00 (t,2H), 5.87 (s,511), 

5.67 (1,211), 3.66 (1,211), 2.92 (1,211), 0.1 1 (s,911). Mass spcclmm. M'-6S: (343): 33%. 

BXAMPLF, 5 

25 a) Preparati on o f 3-biomu-, Idl n n ethy 1 si Joxypropano 

To 12.2 g (76 mmol) of hcxamcthyldisila/.anc, 21 g (151 mmol) of 3-bromo-l -propanol is 
added. Ammonia evolution is immediately observed. The reaction is maintained under stirring for 2 
hours and 24.5 g (148 mmol) of the desired compound is Jinally obtained. Yield: 98%. l U-NMR 
(CDC1 3 ): 3.74 (1,211), 3.55 (t,21 J), 2.09 (m,2H), 0.14 (s,9Jl). 
30 b) Pj€Raraiiw i VJje 

To 50 ml of a 2.3 M solution of sodium cyclopcntadicnylidc (115 mmol), a solution of 24.3 
g (115 mmol) of 3-bromo- 1 -trimethylsiloxypropanc in tctrahydrofuranc is added. The quick 
formation of a pinkish solid is observed. The read ion is maintained under stirring for 12 hours and 
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then it is neutralised with an ammonium chloride solution; the organic phase is extracted and 
concentrated lo dryness in order lo give an orange oil. (9.8 g, 50 mmol. Yield: 43%). '11-NMR 
(CDCI,): 6.47-6.00 (m,311), 3.62 (m,21I), 2.95 (m,HJ), 2.87 (mJJJ), 2.43 (m,2ll), 1.80 (111,211), 0.17 
(s,9IJ). 

5 c) ilror>aialkaLk»£.Udjiu.U.^C^ 

To a solution ol 2.62 g (13.4 jnmol) of (.Vtiinuthy)siloxypropyl)-cyclopcnladiene in ether, 

5.36 ml of h 2.5 M (13.4 mmol; butyl lithium solution in hcxanc is added at -78* C. The immediate 

formation of a while solid is observed. The reaction is maintained under stirring for 2 hours; then, 

the white suspension is hi ought lo dryness, the resulting solid is washed twice with hexanc and a 

1 0 powdery while solid is obtained. (2.3 g, 1 1 .4 mmol. Yield: 85%). 
dU>reua ralioiio fbis|(3_;;_li^ 

To a suspension oi 1.33 g (5.7 mmol) of /.ireonium tetrachloride, n suspension of 2.3 g (1 1 .4 

H mmol) of lithium (3-trimclhy)siloxypiopyl)-cyclopcnladicnylidc. is added at -78° C. An orange 

y3 suspension is immediately Joi.md and the icaelion is maintained under sliniiig for 12 hours. Jt is 

|k subsequently filtered and the resulting solution is concentrated up to 5 ml, hcxanc is added and a 
microcryslallinc white solid is formed. ( 1 .27 g, 2.3 mmol Yield:40%). 'H-NMR (C: 6 1)«): 5.95(t,2H)» 

m 5.77 (1.2H), 3.52 (m.211), 2.81 (m,2IJ), 1.80 (m,2ll), 0.15 (s,VJl). Mass spectrum: M'-15: (357): 

f 59%. 

p HXAMI'I,H6 

^0 «) Preparation of potassium (3 tnipcthy^ 

5 To a suspension of 0.4 g (10 mmol) of potassium hydride in tchahydrofu.ane, 1 .96 g (10 mmol) of a 
^ (3-tiimcthylsiloxy-propyl)-eycU,pcntadie.nc in tcl.aliydrofuranc is added. The reaction is maintained 
under stirring for 2 hours. Subsequently, the resulting suspension is concentrated to dryness, leaving 
an oily solid that, when it is washed with hexanc, gives a eream-eoloiued solid. (1.6 g, 7 mmol. 
25 Yield :70%). 

b) Prestation of IcYclopynt&djcnyl X&rimvtoylsto /.ireonium 

dkhloridc 

To a suspension of 2.41, g (/ mmol) of cyclopcnladienyl zirconium trichloride in toluene, a 
suspension of 1 .6 g (7 mmol) oJ potassium (3-ti j.„etl»ylsiloxypropyl)-c-yclopentadicnide in toluene 
30 is added. A yollow-brown-coUuucd suspension immediately piccipitalos. The reaction is maintained 
for 12 hours. Subsequently, the solution is Tillered and eomenlrated and a crystalline white solid is 
formed (0.8 g, 2 mmol, 28%). M 1-NMR (C„l\): 5.87 (t,2U), 5.65 (t,2H), 3.40 (m,2H), 2.74 (m,2H), 
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1.73 (m,2H), 0.14 (s,yll). "C-NMK (C- f ,D f> ): 110.9, 115.0, 114.7, 112.2, 61.8, 33.6, 26.8, -0.393. 
Mass spectrum: M '-65(350): 30%. 
ItXAMPLB 7 

Ilclcrogc nigation of bi^3,tr^ zirconiu m dich loride on silica 

To a suspension of 12 g of silica (Grace XPO-2407, calcined a! 800" C) in 70 ml of lolucnc, a 
solution of 4.1 g of the compound prepared according to the description in example 5d in 20 nil of 
toluene is added. The reaction mixture is maintained under stirring at 25 U C for 18 hours. The 
solution is separated from the solid through filtration. 

Then, the solid is washed with various tractions of toluene, up to a total volume of 500 ml and dried 
under vacuum for 18 hours. The 7.x content in tin. sample was deteimined thiough ICP and resulted 
to he 1 .7%. 

When the same sample was washed with SO ml (in three fractions) of a MAO 1,5 M solution in 
toluene, the Zr percentage which was left in the sample lowered to 1.1% 
UXAMPLH 8 

1 leteroacnizatio n of Lcyclopcnlndicnyl . {.B.r.i.^ 

y=l dichloride- ojLS»lit,'a 

To a suspension of 3 g of silica, in about 70 ml oi dry toluene, 0.5 g (1.37 mmol) of a compound 

prepared according to example 6l> is added. 

The reaction mixture was maintained under stirring at 25"C lor about 18 hours. The solid was 
kk separated from the solution th.ougb filtration. Thru, the msulting solid was washed with a total 
volume of 500 ml of toluene and dried uncle, vacuum for 1 2 hours. The zirconium analysis through 
^ ICP gave 1 .7% in the sample. 

> letero pcnizalion of bisl (2 : trimcllyy )si)w^^ 
25 To a suspension of 3 g ol silica (Grace XPO-2407 calcinated at 800" C) in 70 ml of toluene, a 
solution of 0.5 g of the compound described in example 3d in 20 ml of toluene is added. The 
reaction mixture was maintained at 40°C for 18 hours under birring. The solution wns separated 
from the solid thiough filtration. The solid resulting from the reaction was analysed through ICP, 
which showed that the zirconium percentage in the sample was 2.75%. 
30 Then, the solid was washed with three different fi actions of toluene, up to a total volume of 500 ml 
and dried under vacuum for 18 bonis. The Z. content in the sample was determined through ICP 
and gave 2.79% of ■zirconium. 
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EXAMPLE JO 

Hctcrogcnisati on of bis[(3 trinjcthylsiloxypropyl)-^^ zir conium dichloiide on 

aluminum pho soh ale 

The compound was heterogenized through the* same process used lo support it on silica, according 
to the descript ion in example 7, but using aluminium phosphate (Grace A PGR) instead of silica 
(Grace X PO 2407). 

The Zr content in the sample was determined through X rays fluorescence and gave 2% of 
zirconium. 
EXAMPLE 1 1 
Ethyl ene polyme rization 

The ethylene polymerization reactions were completed in a 1 litre capacity Buchi reactor in 
anhydious conditions. The reactor, charged with 600 ml of dry and degassed heptane, was 
conditioned at 70" C Before pressurising the reactor will) ethylene the eocalaJyst was injected at a 
pressure of 1 atm. Then, the reactor was pressurised up to 3.73 atm. At the end, the catalyst was 
injected by using 0.25 atm of ethylene extra pressure. The polymerization reactions is maintained at 
these pressure (4 aim) and temperature (70 u C) conditions. The suspension was stirred with the help 
of a stirring bar at 1 200 rpm for 1 5 or 30 minutes. 

13 ml (31.8 mmol Al) of MAC) from a 10% solution of aluminium in toluene (commercial i/.ed by 
Witeo) were injected in the reactor; 0.1 g of |cycJopenladieny) (3-trimcthylsiloxypropyl) 
eyclopentadienyl] zirconium dichloiide catalyst supported on silica, prepared according to the 
description in example 8 (18.24 pmol Zr)> is added to this solution. Once completed, the 
polymerization reaction was maintained under stirring at a temperature of 70" C and 4 atm of 
ethylene pressure for 30 minutes. At the end of the reaction the pressure was rapidly reduced and 
the reaction was stopped by adding acidified methanol. 5.21 g of polymer having M w -157.824 is 
obtained (Activity: 1 .4x 1 0 s g PE/(mol Zr*hr*alm). 



The copolymer! nation reaction is carried out in the same conditions as those described for ethylene 



10 ml of 1-hexene (24.2% by rnol of comonomcr in the feeding) and 13 ml of MAO, from an 
aluminium 10% solution (31.8 mmol Al), is injected in the reactor. 0.1 g of a Icyeiopcntadicnyl (3- 
trimclhylsiloxypropyl) eyclopentadienyl) zirconium dichloiide catalyst prepared according to the 



EXAMPLE 12 




polymerization, after the comonomcr initial addition in the reactor. 



description in exa 



imple 8 (18.4 prnol Zr) supported on silica is added to this solution. The 
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polymerization it-action was maintained at a temperature of 70° G and 4,132 bar (4 atm) of ethyk 
pressure for 30 minutes. At the end, the pressure was rapidly reduced and the reaction was stopped 
by adding acidified methanol. .S.I 4 grams of copolymer with: Mii~41970, Mw-220877, 
Mw/Miv--5.26 and 0.92% jm>l»n of'hcxenc is obtained. (Activity: 1 .41x10* g l'l</(mol /,r*hr*atm). 
EXAMl'Ll? 13 

Ethylene eoi>olv mcri/ ,alion wilh ! -hoxonc 

lUhylcne and 1-hexcnc were copolymerized. To do this, the same method as the previous example 
(number 12) is used, but with the proviso thai once the solvent is added and before pressurising the 
reactor, 4 ml of dry and recently distilled 1 hexene (12% of hexene in the feeding) is added. 13 ml 
of a MAO solution in toluene (1.5 M of total aluminium) and 0.1 g of catalyst catalyst prepared 
according to the description in example 8 are used. Atlct 30 minutes of polymerization 1.47 g of 
polymer is obtained (1.65x10' g PK/mol /j*h*atm). The 1 -hexene content in the copolymer, 
determined by "C^RMN, was 0.49% molar, distributed at random. 
IvXAMIM.K 14 

Et hylene eonolv ineijzaUon with _1 -hexene 

Ethylene and 1- hexene were copolymcir/cd. To do (his, the same method as example n. 12 was 
used, but wilh the proviso that once the solvent is added and before pressurising the reactor, 10 ml 
of dry and recently distilled 1 -hexene (33.7% ol hexene in the feeding) is added. 13 ml of a MAO 
solution in toluene (1 .5 M of total aluminium) and 0.1 g of the catalyst arc used. After 30 minutes of 
polymerization 1.80 g ol polymer weie obtained (2.02x10 s g I'K/mol Z.r*h*alm). The 1-hexene 
content in the copolymer, detei mined by "C-NMk, was 1 .33% molar, distributed at random. 
HXAMl'LR 15 

In the reactor 13 ml (31 mmol Al) of MAO, from a 10% solution of aluminium in toluene 
(commercialised by Witeo), aie injected. 0.1 g of a |cyclopentadienyl (3-trimcthylsiloxypropyl) 
cyclopentadieny) ] zirconium dichloridc catalyst picpaicd uecoiding to the description in example 10 
(35.77 pmol /a) supported on aluminium phosphate is added to Ibis solution. The polymerization 
reaction was kept at a tempo alurc of 70" C and 4 J 32 bar (4 atm) of ethylene pressure for 30 
minutes. When the reaction whs considered completed, the pressure was rapidly reduced and 
acidified methanol was added. 2.10 grams ol polyethylene was obtained. Activity: 0.24x10" g 
PI2/(mol Zr+hr*ntm). 
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HXAMP bH 10 
lActcau^n^ 

0,220 g ofbislO-lrimcUiylsiloxypropy!) cyclopcntadienylj /.irconium bichloride is dissolved in 15 
nil or toluene, then, 0.7 ml of a 10% MAO solution in toluene (commercialized by Wi(eo) is added 
and the mixture is maintained under stirring at room temperature. 13 minutes later, the resulting 
solution is poured in a 100 ml Mask, that contains.:* g of silica XpO-2407 (commercialized by 
Grace), which has previously been calcinated at a temperature of 200°C and it is maintained under 
mechanic stirring for 1 hour at a tcmpuature of 40 C, C Once the reaction time has gone by, the solid 
is separated through filtration and washed with consecutive fractions of toluene up to a total volume 
of 1 1. The heterogeneous catalyst is finally dried under vacuum for 24 hours. The 7jt and Al content 
determined through ICP is 1.15% and 0.7% respectively. 
KXAM PLK 17 

Hclcroii c nizalio n of bisl(3 -tiiiu cthylsiloxvpropy]) cyclopentadicnvl | zirconium dichloride on silic a 
The process for the heterogeni/ation of bi$((.MrimclhylsiloxypropyI) cyclopcntadienylj zirconium 
dichloride is the one described in example 10, but the silica is previously treated under vacuuum 
before being put in contact with the preniixture of the organo- metallic compound and the MAO. 
The Zr and Al content determined through ICI* is J .2% and 0.7% respectively. 
EXAMPLli IS 

The polymerization reaction is carried out according to the method and the conditions described in 
example 11, but the reactor temperature is 9<) 0 C 10 ml of a 10% MAC) solution in toluene 
(commcreialiy.ed by Witco) (15 mmol of Al) and 0.079 g (0,01 mmol of Zr) of the heterogeneous 
catalyst prepared according to example 16 are injected in the reactor. The polymerization reaction is 
maintained at a temperature of 90 f C and at an ethylene pressure of 4 aim for 15 minutes. At the end 
of the reaction the reactor pressure is reduced and acidified methanol is added. 2.4 grams of 
polymer with Mw 105.600 is obtained. 
EXAMPLK V) 

The polymerization reaction is carried out according to ibe method and the conditions described in 
example 18. 10 ml of a 10% MAO solution in toluene (commercialized by Witco) (15 mmol of Al) 
and 0.075 g (0,01 mmol of Zr) of the heteiogci icons catalyst prepared according to example 17 are 
injected in the reactor. The polymerization reaction is maintained at a temperature of 90°C and al 
an ethylene pressure 4 atm ibr 1 5 minutes. At the end of the reaction the reactor pressure is reduced 
and acidified methanol is added. 2.8 g of polymer is-oblained. 
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